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ABSTRACT 

This paper reviews research literature on the production and commercialization of IT-enabled higher education in 
computer science. Systematic literature review (SLR) was carried out in order to find out to what extent this area has 
been studied, more specifically how much it has been studied and to what detail. The results of this paper make a 
contribution to research by indicating a gap in the recent literature concerning the production and commercialization of 
higher education on practical level. 


KEYWORDS 

Commercialization, higher education, productization, systematic literature review, IT-enabled learning 


1. INTRODUCTION 

The productisation of information technology (IT) enabled higher education is one way to improve the 
competitiveness of educational organisations, and also the key factor to the global market. Thus, IT-enabled 
higher education entails many opportunities as it requires careful planning, resources and adoption of the new 
teaching culture. In order to ensure both the quality and effectiveness of IT-enabled higher education, 
educational institutions need to consider productization of their higher education. 

Productization refers to the modification of a material good or an immaterial service, or their 
combination, into a commercial product that can be replicated in large quantities using a certain method. In 
an educational context, the target of productization may be for example course or program, training or 
consulting service, learning materials and content, learning technologies, or related research results and 
services. Successful productization necesitates that the company identifies its core competence areas and the 
possible additional or supporting services (Sipila 2005.) 

A systematic literature review (SLR) was carried out in order to identify current practices for the 
productization of IT-enabled higher education in computer science. Firstly, we present the SLR method 
applied, and secondly, the results and, finally, conclude by discussing the resulting nine categories of 
commericalization and productization of higher education found by the SLR. 


2. RESEARCH METHOD 

The research process follows Kitchenham et al. (2010) by including the following steps: defining the research 
questions, describing the search process, describing the how the included papers were selected, quality 
assessment, and data extraction process. Other guidelines for conducting a SLR (Okoli and Schabram 2010) 
were used in a complementary manner. The research was carried out by two researchers (later referred to as 
researcher 1 and researcher 2). 
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The purpose of our study is to identify studies reporting ways of productizing or commercializing IT- 
enabled higher education in computer science. Since we were aware of only a few of such studies, the 
research question was formulated in a broad sense so that it would capture the aspect of how much this area 
has been studied as well as the aspect of how deeply it has been studied: “To what extent the 
commercialization and productization of higher education in computer science and information technology 
has been studied so far?" 

2.1 The Search Process 

The search process started with word search in electronic databases. Researcher 2 searched eight digital 
libraries (on-line databases) and one automated search engine. The digital libraries included: ACM Digital 
Library, IEEE Xplore Digital Library, Web of Science, Science Direct, Education Resources Information 
Center (ERIC), EBSCOhost, InderScience Publishers, and Springer Link. Google scholar search engine was 
used to complement the above mentioned electronic libraries. The search was carried out between August 
and October 2011 and it was limited to articles published between 2001 and 2011. The following search 
words were used: productization, commercialization, higher education, information technology, computer 
science, and information systems. The word search was targeted at title, abstract, review, and keywords. The 
following combinations of search words were used as a base search for each electronic library: 

1. "productization AND higher education AND commercialization" 

2. "commercialization AND higher education AND productization" 

3. "productization OR higher education OR commercialization" 

4 . "commercialization OR higher education OR productization" 

5. "productization AND higher education OR commercialization" 

6. "higher education AND productization OR commercialization" 

7. "productization AND commercialization OR higher education" 

8. "commercialization AND productization OR higher education" 

9. "productization OR commercialization AND higher education" 

10. "productization OR higher education AND commercialization" 

11. "commercialization AND higher education OR productization" 

12. "commercialization OR higher education AND productization" 

13. "commercialization OR productization AND higher education" 

These basic combinations were adapted to the particular search possibilities of each database. If the 
database did not have automatic lemmatization option, then the “z-search” was followed by identical search 
with “s-search” (e.g. productisation instead of productization). Advanced search was used as default if 
provided. The details of the literature search were recorded along the whole search process (see Okoli and 
Schabram 2010) in MS Excel file with appropriate metadata. 

2.2 Paper Selection 

Paper selection process took place in two phases (see Eigure 1). Eirstly, researchers 1 and 2 undertook an 
initial screening (Kitchenham et al. 2010) of the found 1559 papers. Papers were distributed to the 
researchers by database in a way that one reviewed all papers belonging to the allocated database. The 
researchers read through all the tittles, abstracts and keywords individually and marked each paper as 
excluded or included. The researchers then discussed about the selected papers and after reaching a 
consensus made a decision on which articles to exclude and which to include. 

Secondly, quality screening was performed. Quality appraisal during the paper selection process was 
carried out as multiple coding by two researchers who checked the suitability and relevance of the articles 
regarding the topic of the study. Multiple coding was carried out as parallel coding of the articles and 
simultaneous discussion about the quality and content of the articles (Barbour, 2001). This way both the 
coding and content of the papers as well as inclusion and exclusion criteria were double checked during 
paper selection. The abstracts were read thoroughly and, if necessary, the whole paper was read in order to 
assess the compliance with the inclusion criteria. Next, suggestions were made for excluding papers that 
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appeared suitable at first glance but did eventually not meet with the inclusion criteria. Finally, the final 
included papers were discussed and consensus was reached. 


Initial screening — > 


Quality screening — 



Figure 1. Paper selection process. 

The criteria for inclusion were 1) the paper has to deal with higher education or university education, 2) 
the issue of commercialization or productization had to be present, and 3) the article has to be published in a 
refereed journal or conference proceedings. Articles concerning the commercialization or patenting of 
university research were included for additional value. The exclusion criteria included that the article 1) was 
concerned with lower level education (e.g., high school), or 2) was published on a non-refereed forum. 

The initial screening reduced the amount of articles from 1559 to 126. This was followed by a 
redundancy check after which double articles were removed within the results. This was done in two steps; 
firstly removing the doubles within each database and then removing doubles across databases. After 
removing double-articles within each database the amount of articles was 78. After removing all the doubles 
across the databases and search engines, the amount of articles was 63. As a result of quality screening, 23 
articles were removed after which the final amount of included articles was 40. 


3. RESULTS 

In comparing the content of the included 40 papers to our research question it was obvious that the results did 
not directly match to the focus of the study. Hence, a classification of the articles was carried out in order to 
define their subject matter. The articles were classified against the following criteria: distribution of articles 
by publication forum (journal, conference), and distribution of articles by subject (see Ngai and Gunasekarun 
2007). 

3.1 Distribution by Publication Forum 

The identified papers were mainly published in refereed journals and conferences. The results include a total 
of 29 journal articles from 21 journals. The highest publishing results were in Industry and higher education 
(4 articles), Scientometrics (4 articles). Globalisation, Societies and Education (2 articles) and Assistive 
Technology Outcomes and Benefits (2 articles). The rest of the journals had published one article. 

The articles were distributed in journals from various disciplines (see Table 1). Majority of the journal 
articles (24 articles) were published in journals on higher education and related fields. We classified these 
journals in five categories, namely higher education, teaching and learning, education policy and planning, 
educational technologies, and international education. The second largest category of journals (7 articles) was 
based on discipline. It was divided into subcategories of natural sciences, relationship between science and 
public, library sciences, and information processing and analysis. The third category of journals (1 article) 
was concerned with European policies. 
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Table 1. Distribution of papers in journals. 


Subject Category 

Journal name 

Number of articles 

1. Education 


(24) 

1 . 1 Higher Education 

Industry and higher education 

4 


Research in higher education 

1 


Higher Education Quarterly 

1 


Thought & Action 

1 


Journal of further and higher education 

1 


Higher education 

1 

1.2 Teaching and learning 

Journal of University Teaching and Learning Practice 

1 


e-Journal of Business Education & Scholarship of 
Teaching 

1 


International Journal of Learning and Change 

1 


Learning and Teaching: The International Journal of 
Higher Education in the Social Sciences 

1 

1.3 Education policy and planning 

Higher Education Policy 

1 


Journal for critical education policy studies 

1 


The International Journal of Higher Education and 
Educational Planning 

1 


Journal of Higher Education Policy and Management 

1 

1 .4 Educational technologies 

Assistive Technology Outcomes and Benefits 

2 

1 .5 International education 

Globalization, Societies and Education 

2 


Russian education and society 

1 


Journal of Studies in International education 

1 

2. Information sciences 


(5J 

2.1 Library sciences 

Scientometrics 

4 

2.2 Information processing and analysis 

Scientific and Technical Information Processing 

1 

3. European policies 


(1) 

3.1 Planning studies 

European planning studies 

1 

Total 


29 


The results included 11 conference papers (Table 2). There was a great variety in the field and 
distribution of the conferences, which were categorized according to their subject area in the following 
categories: computer science, engineering, information technology, technology management, education 
management, and business management. 

Table 2. Distribution of papers in conferences. 


Subject category Conference name Number of articles 

Computer science IEEE International Conference on Fuzzy Systems 1 

Engineering Canadian Conference on Electrical and Computer Engineering 1 

IEEE International Conference on System Engineering and Technology 1 

IEEE International Conference on Industrial Engineering and Engineering 1 

Management 

Information technology ICO International Conference on Information Photonics 1 

International Conference on Communication Systems, Networks and 1 

Applications 

International Convention on Information and Communication Technology, 1 

Electronics and Microelectronics 

Technology management IEEE International Technology Management Conference 1 

International Conference on Education Technology and Computer 1 

Education management International Conference on Education and Management Technology 1 

Business management International Conference on Business Management and Electronic Information 1 

Total 11 


The distribution of articles by publication forum indicates that our topic was over three times more 
popular in Journals. The high dispersion in both journals and conferences indicates that there is no established 
journal for the topic. 
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3.2 Distribution by Subject 

The articles were classified according to their subject content. Nine different classes were recognized: 
commercialization of research, technology transfer, commercialization of education, educational reform, 
knowledge transfer, patenting, educational system, academic entrepreneurship, and technology 
commercialization effects (Table 4). 


Table 4. Classification of papers by subject. 


Class # 

Class name 

Number of 
papers 

References 

1 

Commercialization of 
research 

8 

Dube and Lisk (201 1), Harman (2010), Hussain et al. 
(2010), Kerr (2011), Li and Xia (2011), Smith (2010), 
Suvinen et al. (2010), Yang and Chang (2010) 

2 

Technology transfer 

7 

Fraser (2010), Gonnova and Kavtaradze (2010), Lane 
(2010), Leahy and Lane (2010), Prokopiev (2011), 
Somsuk (2010), Wang and Cao (2010) 

3 

Commercialization of 
education 

6 

Arnold (2010), Naidoo (2010), Robertson (2010), Tail 
(2010), Tsai and Yang (2010), Wong and Westwood 
(2010) 

4 

Educational reform 

5 

Aboites (2010), Graeme and Peim (2011), Liu and 
Crossley (2010), Raciti (2010), Susanti (2011) 

5 

Patenting 

4 

Benneworth and Jongbloed (2010), Klitkou and 
Gulbrandsen (2010), Leydesdorf and Meyer 2010), 
Wong and Singh (2010) 

6 

Educational system 

4 

Allen (2010), Dubin and Zorkaia (2010), Shore (2010), 
Yassin et al. (2011) 

7 

Knowledge transfer 

2 

Bezic et al. (2011), Kuiken and van der Sijde (2011) 

8 

Academic 

entrepreneurship 

2 

Arapostathis (2010), Goldstein (2010) 

9 

Technology 

commercialization effects 

2 

Powers and Campbell (2010), Wong and Singh (201 1) 


Commercialization of research class includes nine papers on the enhancement or measurement of 
commercialization of academic research. It includes, for instance, framework through which the researchers 
can engage commercialization into the research process as a vital part of it (Smith 2010), perceptions of the 
success of innovation and research commercialization in Australia (Harman 2010), and the role of 
intermediary organizations (Suvinen et al. 2010) or university lawyers (Hussain et al. 2010) in the process of 
commercialization of academic research. Further, it includes studies on the influence of entrepreneurial 
commitment (Yang and Chang 2010) and federal funding (Kerr 2011) or governmental programs (Dube and 
Lisk 2011) on research commercialization. Also, the aspects of knowledge commercialization modes and 
effects in universities (Li and Xia 2011) were included. The papers in this class focus on the means of 
enhancing or measuring the commercialization of university research in general and do not provide results on 
the specific area of commercialization of higher education. 

Technology transfer class includes seven papers that explain how to enhance, understand and analyse the 
academic technology transfer. These include factors explain factors influencing improving university 
technology transfer (Wang and Cao 2010), analysis of university-industry technology transfer programme's 
success (Somsuk 2010), measurement and enhancement of the impacts of technology transfer (Fraser 2010), 
enhancement of technology transfer and commercialization by business games (Gonnova and Kavtaradze 
2010), description of how Canadian innovation and commercialization program enhances industry-academia 
technology transfer (Prokopiev 2011), the barriers and carriers of successful technology transfer of assistive 
technology devices in USA (Leahy and Lane 2010), and the confluence of academic research of technology 
transfer of assistive technologies for value creation (Lane 2010). These papers focus on technology transfer 
and not on education. 

Commercialization of education class includes six papers on the commercialization of higher education in 
the changing global business context. Naidoo (2010) examines the export readiness of universities and its 
implications on export recruitment of students. Robertson (2010) studies the commercialization. 
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corporatization and competitiveness of U.K. universities emerging from the transformation of higher 
education toward globally competitive education system. Wong and Westwood (2010) provide empirical 
findings from the conflicting interests and tension that the commercialization pressure have brought at 
universities. Arnold (2010) addresses the same issue from university teacher’s perspective while Tsai and 
Yang (2010) discuss about the role and profession of teachers in commercialized education. Tait (2010) 
studies the commercialization of education from the perspective of Chinese student in Western university 
format. These papers provide insights on the impact of the global commercialization pressure on university 
education. They fail to provide, however, views how to productize or commercialize higher education. 

Educational reform class includes five papers discussing the strategic and political aspects of educational 
system reforms and related commercialization of higher education including experiences on marketing the 
university programmes in China (Liu and Crossley 2010), analysis of the privatization and marketization of 
higher education in Indonesia (Susanti 2010), the implication of the reform and commercialization of 
Australian higher education (Raciti 2010), a critical analysis of the negative implications of Bologna Process 
on Latin American universities (Aboites 2010), and results of the quality of exported higher education 
(Graeme and Peim 2011). These papers provide knowledge of national university reforms that have shifted 
higher education from traditional research to commercial business. 

Patenting class includes four articles concerning the relationship between academic patenting and 
scientific publishing (Klitkou and Gulbrandsen 2010, Wong and Singh 2010), the development of university 
patenting due to external forces such as Bayh-Dole (Leydesdorf and Meyer 2010) and the unequal position of 
soft sciences in comparison to hard sciences in relation to patenting and commercialization (Benneworth and 
Jongbloed 2010). In this class, commercialization is related activities leading to patenting while academia is 
defined as a source for material for patenting. 

Educational system class includes four articles reporting the current state of national educational systems. 
Survey results of Dubin and Zorkaia (2010) show that in Russia the higher education has social value. Yassin 
et al. (2011) presents an instrument for the evaluation of research performance and results of its use in 
Malaysian universities. Shore (2010) analyses the challenges of the modern university due to contradictory 
requirements between the traditional and new, economic and strategic pressures. Allen (2010) analyses the 
Royal Society’s suggestions for enhancing science in UK and contrasts them to United States. The papers in 
this class address the issues of commercialization and higher education in national context by describing the 
country’s educational systems with its characteristics and recent developments. 

Knowledge transfer includes two articles on the transition of scientific knowledge from academia to 
public sector and commercialization of such knowledge. Kuiken and van der Sijde (2011) study the 
commercialization and dissemination of academic knowledge by using communication theory in interpreting 
the results. Their research provides topics for further research in relation to dissemination capacity. Bezic et 
al. (2011) discuss about the role of Croatian national technology transfer office as a channel for transferring 
university research results into economy. These studies include some elements of commercialization and 
higher education without focusing on commercialization process of higher education. 

Academic entrepreneurship class consists of two papers studying the role of entrepreneurship within 
research universities and national politics. They focus on the position of academic entrepreneurship with 
respect to national politics and innovation policies (Arapostathis 2010), and on national attitudes toward 
entrepreneurship and commercialization of university (Goldstein 2010). The aspect of commercialization in 
these articles focuses on university research and innovation in relation to entrepreneurship. 

Technology commercialization effects class includes two studies. Powers and Campbell (2010) argue that 
in U.S. universities the licencing or patenting of technologies do not have an effect on research productivity 
research. Wong and Singh (2011) examine university-industry collaboration by measuring the amount of 
university-industry co-publications on technology commercialization. These papers do not take a stand on the 
ways or extent to which IT-enabled higher education could be commercialized or productized. 


4. CONCLUSIONS 

The productization of IT-enabled higher education is one solution for improving the competitiveness of 
educational organisations, and to respond to the increasing demand for globalizing the higher education. We 
reviewed the current literature in order to identify ways in which the productization of IT-enabled higher 
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education in computer science has been done. The SLR yielded 40 papers, including 29 journal articles and 
11 conference papers. The articles were classified according to their study subject into nine categories: 
academic entrepreneurship, patenting, educational system, knowledge transfer, educational reform, 
commercialization of research, commercialization of education, technology transfer, and technology transfer 
effects. Unfortunately, the results did not provide the answer that we were looking for. The results show that 
commercialization and productization of higher education has been studied on institutional, national and 
international level. However, studies concerning productization of courses, learning technologies, contents or 
learning materials, were not found. Based on this, we claim that there is a gap in research that requires further 
studying. 
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